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KEY WORD: IMAGE MOSAICING/ IMAGE ALIGNMENT/ CHAMFER MATCHING ALGORITHM/

HISTOGRAM INTERSECTION/ MULTIRESOLUTION
PIYACHAT DHANARAKS : AN APPROACH TO AUTOMATICALLY ALIGN PLANAR MOSAIC
IMAGE BY USING COLOR AND EDGE FEATURES. THESIS ADVISOR : ASSIST. PROF.
NONGLUK COVAVISARUCH , 130 pp. ISBN 974-03-0481-8.

The purposes of this research are to study and to develop an automatically align planar
mosaic image by using color and edge features. This research proposes two image alignment
methods, which are an image alignment using edge feature and an image alignment using color
and edge features.

For both proposed methods, input images are transformed from color into gray-scale images.
Simple Sobel edge detection is applied to find edges before building resolution pyramids. After
that, images are aligned from the lowest resolution image in every possible transformations using
color or edge matching measures. The rejection criteria is used to reduce improper transformations.
This process is repeats in higher resolution in the pyramid until the original resolution image is
reached. The output of image mosaicing is constructed at the position where the edges of both
images are most matched.

In this research, the edge matching measure for image alignment using edge method is root
mean square average of edge’s 3-4 distance, while the color matching measure is color histogram
intersection at the lower resolution images and root mean square average of edge’s 3-4 distance at
the original resolution image are for the image alignment using color and edge method.

The proposed methods have been-tested with three types of image sets — image sets from
portions of one large image, image sets-acquired from a-scanner and image sets from a digital
camera. Two evaluation aspects that are used in this research are the correctness evaluation by 30
human evaluators on 40 image sets, and the speed of both image alignment methods. From the
experiments, it can be concluded that both alignment methods generally give good results. The
method using color and edge is found to give better results as well as to process faster than the

method using edge alone.
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2. muuanEinisdnaaniaedFaunauiuAtszanisaunnIvualy  dannsudasnan
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=) U k3

Tnasmandayad Araesdayalasvinlildnlsznausaafiaauadnenuansneiiy 256 sval Ae
HAFaus 0 Da 255
ngilasnnadlunnezsumn luaundeilauannisaaslunad YIQ deldasflsznan Y
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1198 & RGB A Y lulinad YiQ e

= o X Y o =l
nsudasnin@iiduninszdumatiannisanansldseaunisi 2.9 [7]

Gray =0.299R +0.587G +0.114B ...(2.9)

A g o d‘ ¥ o !
LB Gray = m‘xm‘umwﬂ,m@’mma?mmmslul,mmqmm‘w

ANAUAY (Red) Tuluinad RGB 1899an Wil
=

R =
G = AR (Green) uluinad RGB m@nmmwﬁu
B =

v v
ANAUNRY (Blue) Tulutnad RGB 1893AN N1

2.6 nMsudasAr@luluinad RGB tHulntaad HSV

\Wasanndauilsznaurivaindauneslunad RGB tuliaunsntihanldasunanisiuiues
Auyeelld Aninluuddanldiaenldlunad HsY unulunad RGB: wsnzauilsznauvisans
druraelunad HSV tuazamsnuanmetssamanalilaadase nsudasandlulumad RGB il

Wulumad HSV- i lesasannisn-2.10 09 2.18 [9] - sesall

r :L ...(2.10)
range(R)

g= G L.(2.11)
range(G)

__ B (2.12)
range(B)

v = max(r, g,b) ...(2.13)
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aLle

. v —min(r,g,b)
v
. v—r
~ v—min(r, g,b)
I_ V_g
9= v—min(r, g,b)
. v-b
v —min(r, g,b)
5+b" ,if r=max(r,g,b) and g=min(r,g,b)
1-g' ,if r=max(r,g,b) and g=min(r,qg,Db)
he 1+r' ,if r=max(r,g,b) and b=min(r, g,b)

3-b' ,if r=max(r,g,b) and b=min(r,g,b)
3+4¢',if b=max(r,g,b) and r=min(r, g,b)
5-r' ,other

r = ANAuAd (Red) TulNnad RGB m@nmmw&uﬁié’mﬂmﬁﬁﬂﬁlﬁum@ﬁmﬁm

g = A@3e (Green) Tuluinad RGB mm@qmmwﬁu‘ﬁ'%’mﬂmﬁ?ﬁﬂﬁlﬂumiﬁmﬁm
b = A@tinRu (Blue) uluinad RGB wasqan T ldannaliduussiagiu
h = A139A (Hue) Autlagldanndunns

V = ANANNINAS (Value) fuladldannaunis

S = ANANANAA (Saturation) Nuilaslsainannig

2.7 nMsA2aulnda (Color quantization)
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.(2.14)

...(2.15)

...(2.16)

.(2.17)

...(2.18)
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m'auvl,mamnuﬂ%ﬂmmwﬂummmnuwmwmmmﬁ Tools -~ and ' techniques for color

image retrieval ” 1@ualng John R. Smith ka2 Shih-Fu Chang Tt A.A. 1996 [9] nsAcaulnda

Tunilinluluwad HSV tnaanauiudliuaeiiie 166 @ T9a1NN90uaRIAIgLN 2.10

v
N12ANARINGA MNNUAITEHATLLNgN1a9A 29w 18 svsu Tasutafludne@ay 20 a9an

Aou9ANANNANAI ALY 3 AU LaTdauaadAIANNdNLAILLNEIN 3 TYAU wWATWLINAN

FLALINNDN 4 AN AaLLNAYANdNLATN 4 72a1 TN N TUR AN ALAY AR NE AR

Wiy

v o = > ) = Y = o o = | aA i yy
0 ANTILRITINTIONN AL 166 & @qﬂuuqﬂﬂf]ﬁummﬂjuﬂl@\jﬂqﬁwLL‘JJ\TVLQ
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[k o5.v) = T{r.g bl

Gy
7171 2.10 uamsianisurlaspn@aintuead RGB liilulumad HSV [9]
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aanl ’)ﬁﬂ"l?ﬂﬂﬂ’]@sluLL[ﬂ@XQﬂﬂ’]W@?égﬂLL‘V]‘HWJEIﬂqﬂ@’lx‘ﬂ]ﬂ\‘lﬁ"lm/l@ﬂﬂ”l‘wLWﬂu‘LI"IuLLVI‘L&ﬂ”IﬂmW]
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2.8 A2IANTLUFaUAA (Color matching measure)
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(Histogram intersection) NfnadualuunAINNATedn “Indexing via color histogram” Img
. ) = = o o al °o o
Michael J. Swain uay Dana H. Ballard lul a.@. 1990 [10] 3<lflunsvindaiinndmingu
3 1 ¥ ! b o alld ] o dl o [ a
fayarunlvg nuazlfilseugnmlugudeyauazninanassnies vannisndiAryaesaain -
a o o A va a v 1 I o/ ¥ o/ o a
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1 7 = Y v o o @ oA & all o 2’/ ! dl
dayaninteaiasla drdeuiuiuniniuansdalaasidullifgennnaaesiududouniiy
rasn g udeyaiunnn fstvresnistumesianduiuresdalnunsnaisnsouanslffagi

2.1

= = a al o o a al v
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ANNNTDUARS I AIANN1TN 2.19

n
C . ...(2.19)
H =Y min(I;,M )
=1
Wa  H'=sweeflanduresdalnunsy
| = galnunsuresnnlugudeya
M = Balnunsuaedninanaed

o al a
n = auud ludainwngu
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j = draeausazdlugalnunsy
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799 0 19 1

H(I,M)=——
ZMi ...(2.20)
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UALILUAUDIAN MU LAU (Feature space)
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Xuazy
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NAzNElUNITAUM (Search strategy)
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(m) (9)

21/#1 3.3 ANHOULANINUAULBINTNEBINN
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A) ANty LN was tyiuay 9) At fuay wa ty uuon

Twanddelldfinadnuasiselnniuaztaan (Resolution pyramid) vizanisldainwi
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URAUNA 1 NTATENATTRAANNAZIAEATAY Polygon WAZIRININTZEZNN
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A o o ) = ——
URALUN 2 ﬂqﬁ‘@ﬂLﬁ’ﬂﬂf]’]WiuLL[ﬂﬂxigmum@QW?xﬂﬂ

=2

(34

UAAUN 3 N1FIINNIN

=2

(34

URAUN 4 NIFTANNINEINAIT 2 NN

=]

AURBUN 1 NIFLATANNTENAAMNAZLALAUDININ Polygon LATNINTEELNIY
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angriudunimiindnluaduusn willasanainuadnsililuusazaisasiawnlngjauEes 7
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qmmwﬁ' dszinnaas | [auufw muﬁmm@qqmmwmuﬁﬁﬁuﬁ 1,2,...,n
TANIN (AN X AANTIN)
001 iV 2 172 x 406 , 172 x 421
002 FngIL 4 156 x 200 , 140 x 208, 156 x 187, 145 x 173
003 PRI 4 224 x 153 , 199 x 203, 198 x 202, 240 x 215
o 170 x 279, 168 x 279, 168 x 279, 168 x 279,
004 PRI 5
168 x 279
005 padau 3 640 x 202, 640 x 218, 640 x 257
006 Aunu 4 238 x 309, 238 x 311, 238 x 328, 176 x 314
007 AN 2 381 x 415, 381 x 408
008 Aunu 3 338 x 288, 333 x 290, 288 x 294
009 AUN 3 208 x 256, 208 x 277, 169 x 414
010 AN 3 226 x 226, 223 x 224, 337 x 194
011 AuNi 4 190 x 313, 216 x 313, 206 x 313, 185 x 313
012 AUNU 3 242 x 145, 243 x 145, 263 x 145
013 AN 3 179 x 246, 178 x 243, 175 x 241
014 AUNU 4 364 x 225, 364 x 250, 364 x 209, 364 x 209
015 AN 2 151 x 150, 158 x 151
016 AUNU 4 236 x 274, 236 x 234, 292 x 234, 292 x 261
017 AUNU g 250 x 246, 152 x 249, 160 x 249
018 AUNU 3 203 x 239, 176 x 240, 160 x 238
019 AUNU 2 225 x.351, 225 x 351
020 AN 2 170 x 234, 170 x 234
021 NABIAATIA 4 192 x 144, 192 x 144, 192 x144, 192 x 144
022 NARYAANA 2 192 x 144,192 x 144
023 NaRIAATA 4 144 x 192, 144 x 192, 144 x 192, 144 x 192
024 NABIAATIA 4 192 x 144, 192 x 144, 192 x 144, 192 x 144
025 NABIAATIA 3 192 x 144, 192 x 144, 192 x 144
026 NaRIAATIA 3 192 x 144, 192 x 144, 192 x 144
027 NABIAATIA 4 192 x 144, 192 x 144, 192 x 144, 192 x 144
028 NABIAAYIA 3 192 x 144, 192 x 144, 192 x 144
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B9 4.4 (519) $188BYATONTANINANIN 1T TN sUsciduraA9INgNEBN

qmmwﬁ' dszinnaas | [auufw muﬁmm@qqmmwmuﬁﬁﬁuﬁ 1,2,...,n
TANIN (AN X AANTIN)
029 NABIAATIA 4 186 x 97, 191 x 106, 277 x 106, 91 x 104
030 NABIAATIA 4 192 x 144, 192 x 144, 192 x 144, 106 x 135
031 NaRIAATA 4 192 x 144, 192 x 144, 192 x 144, 192 x 144
032 NABIAAIA 2 192 x 144, 192 x 144
033 NABIAATIA 4 192 x 144, 192 x 144
034 NARIAATIA 2 144 x 192, 144 x 192
035 NARYAANA 3 192 x 144, 192 x 144, 192 x 144
036 NanIAANA 4 192 x 144,192 x 144, 192 x 144, 192 x 144
R 192 x 144, 192 x 144, 192 x 144, 192 x 144,
037 NABANAANG 5
192 x 144
038 NanAANA 3 192 x 144, 192 x 144, 192 x 144
039 NABIAATIA 3 192 x 144, 192 x 144, 192 x 144
040 nanIAAvA 3 192 x 144, 192 x 144, 192 x 144
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all, = position; , x4 ..(4.1)
reject, = all, — position, ..(4.2)
dll - [ d‘ dll 7% I's o a a o all -
Wa  rejecti = Anwaunsudasnnwiasasilaldinneinnadnean uiszlinszaud i
all; = ANl asn s aa i 1 inasinndnean lunsztnse AU i

position; = anuaunisutlasniwdaldinasinisAneanluiszlingzdun i
i = 9LAUNUBINITHA, | = 0 UNEDITLALIBINIZRANNINIUIAWNTLATN

ey

daunirArun il efiduiae9auaun1suladn NN anas LA L LA UIAINIEHALAY

1 1 1 ¥
e fIFuFaa 89911 LN T AN NN AR RIAINITDUARS LA AIANNTIN 4.3 LAy 4.4 samallil

rejecti)xloo ...(4.3)
all.

reduce; = (

& (4.4
average reduce :Z reduce, / (n—1)
i=0

d‘ o 3 o d‘ = a A

e  reduce; = uafidusresarnannsudasninnanaslunssingeaun i
o & o d‘ o all 1 o = a

average reduce = (dafidusiafgrasaraunsutasninnanasluufAazszaLtasnseln

n = ﬁmqu@zﬁmmﬁﬁxﬁm

ANT9R 4.5 wasND9aIuaRnIswlasa I luLAasIsALUeN AT dauFatN919nNg
o @ " d‘ o all 1 o = a @ & dl
AN LT 1A L RA L ABIANUIUNITRURIN I NN AR A LLLAAL 2 A LADINTE N ALA L B ST LR LRA

TAYIFINTBIRNUIUNTUL AININNAARIANNNTOUEAS IR FIA1T197 4.6 LA 4.7 ANNAIAL

A7 4.5 FaBeiNga 14 HAIEI TN AN TR 2P 19N TS A

Ws=finszaud uunsidasmwlunpazszaunsein
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A7 4.6 N17AUINL B FTUFIBALITDITILILAITRUANIINTA AAAI LUAR A LIIBINT AR

v [J S S (4 = [J P
N1TAALFTEUINTNAN nsARILLasIEUALRATDIANUIUNTUUAINTNNAIAAS

TunAREsEAUARINTERA

NazRAseAUN 3 gz 2 (((2231 x 4) — 2236) / (2231 x 4)) x 100

((8924 — 2236) / 8924) x 100

(6688 /8924) x 100

74.94 %

NILRATLAUN 2 1T ugsun 1 (((2236 x 4) — 5446) / (2236*4)) x 100

((8944 — 5446) / 8944) x 100
= (3498 / 8944) x 100

39.11 %

NazRATLAUN 1 Wuszdun 0 (5446 x 4) — 3012) / (5446 x 4)) x 100

((21784 = 3012 ) / 21784) x 100

|l

(18772 /21784) x 100

[l

86.17 %

s @ ¢ o
tdasidunLang

(74.94 + 39.11 +86.17 ) /3

66.74 %

¢ @ ° a
Lﬂﬂ?L‘ﬁuﬁﬁﬂEI?’JNm@ﬂ'ﬂ']uqun']ﬁttﬂ@\‘iﬂ']‘w%ﬂﬂ@\‘l

° & o dldsj o [ o dl
n19ATUR LU asIERA lunRLTunTA U ML e SIEURALARITANTBIR 1 UIUN T UL AIN NN A AR

FIH1NNIOLAAS LA FIRNNTIN 4.5 LAT 4.6

all = position,, , x 40" ...(4.5)
all — position (4.6
reduce = P 9 % 100 (4.6)
all
dl 6 @ o d‘
Wa reduce = wlefiduslaasonaasanununisilasnininanag
all = uuNITuL AN ARe i 1 inawsinnsdnaan luns sl aszauN 0

position,.; = auaunsidasnmlaldinmusinisdnaanluiszlnszsiun n - 1
positiony = anuaunsutasnwilalfinninnsAneanluissiinszaui 0

n = RUIUIEAVIAINTZHATIINNA

NAI A 4.6 1WefifudlngsaNeedtuaunsulasnInianad windu (2231 x 4°) —

3012) / (2231 x 43)) x 100 = (139772 /142784) x 100 = 97.89 %
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4.4 Nami‘wﬂamLL@::?JLﬂsqzﬁwa"lum'sﬂizLﬁumwgﬂﬁ’m”lums
AALTEUININ
NAaN1Tnnand

Han1aMAaesnaglunanuuLNsUssiukalunANwan 9. andusziiuianun 30 AU

ANNTOUARS I AIANTNT 4.7

ANFNT 4.7 @?ﬂﬂlﬂﬂ’?ﬁ‘?’)ﬂ@@\?@’)méﬂﬂﬂﬁ?‘ﬂ?a‘fLﬁ‘L&ﬂl@?Hﬂ’?ﬁﬁJ‘lJ?ﬂ .

I I AUIUAUTIA Amtlu agilua (ldinusinanu
Fan Wi | A8n9amEas Yy . % . v e
AINLIUIIgNAaY | tasidus QNARYINAL 80%)

191 4 13.33 Tlignsiag

001 . .
Auazaay 28 93.33 gnFias
191 30 100 Qnseg

002 . .
Auazaey 30 100 gnFias
291 30 100 Qneied

003 . .
Auazaayl 30 100 Qnsias
191 0 0 Tignsiag

004 . .
Auazaey 30 100 gnias
291 30 100 Qneas

005 . .
Auazaey 30 100 gnsias
291 0 0 Tdgnsias

006 . .
Auazaatl 29 96.67 gnFies
191 30 100 Qnseg

007 - .
Auazaey 30 100 gnias
291 24 80 AERS

008 - .
Auazuayl 24 80 gnsias
191 0 0 Tlignsiag

009 . .
Auazaay 29 96.67 gnFias
191 0 0 laignsias

010 . .
Auazaey 28 93.33 gnsias
191 0 0 Tdgnsias

011 . .
Auazaay 28 93.33 gnFias
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A9 4.7 (si8) A1uaN1INAaeNINULLNITLssIdUNA TN 1ANWIN 9.

191 30 100 Qnseg
012 . .
Auazaol 30 100 Qnsieg
101 0 0 Tdgnéies
013 — .
Auwaz1aL 29 96.67 Qnses
191 0 0 Tlignsiag
014 _ .
Auazaay 29 96.67 gnFias
191 29 96.67 Qnseg
015 — y
AuwazaaL 30 100 Qnseg
291 30 100 Qneied
016 . .
Auazaay 0 0 Tignsiag
191 0 0 Tignsiag
017 . .
AuazaoL 28 93.33 Qnsieg
S0 28 93.33 Qneas
018 — .
Auwaz1oL 28 93.33 Qnseg
291 0 0 Tdgnsias
019 . .
Auazal 24 80 gnFies
191 29 96.67 Qnseg
020 _ —
Augzanl 0 0 Tdgnsias
191} 0 0 Tdgnsias
021 - -
Auazaay 30 100 Qnsias
191 29 96.67 Qnseg
022 _ .
Auazaey 30 100 gnFias
9L 30 100 Qneas
023 — .
Awazael 30 100 gnseg
291 29 96.67 Qneied
024 - —
Auazaay 4 13.33 laignsias
191 29 96.67 Qnseg
025 _ .
Auazaol 29 96.67 gnsieg
291 26 86.67 Qneas
026 - .
Auazaay 26 83.33 Qnsias




A9 4.7 (si8) A1uaN1INAaeNINULLNITLssIdUNA TN 1ANWIN 9.

291 0 0 Tignsiag

027 . .
Auazaey 30 100 gnFias
291 27 90 RS

028 . .
Auazal 0 0 Tdgnsias
191 0 0 Tlignsiag

029 _ .
Auazaey 26 86.67 gnias
191 0 0 laignsias

030 . A
Auazanl 14 46.67 Tdgnsias
291 30 100 Qneied

031 . .
Auavrau 27 90 gnFias
191 30 100 Qnseg

032 . .
Auazaay 30 100 gnias
S0 30 100 Qneas

033 - i
Auazaol 0 0 Tdgnsias
291 30 100 Qneied

034 . .
Auazaay 28 93.33 gnias
191 0 0 laignsias

035 . A
Augzanl 0 0 Tdgnsias
191} 4 13.33 Tdgnsias

036 - -
Auazaay 30 100 gnsias
191 0 0 Tlgnsiag

037 _ .
Auazvey 25 83:33 gnias
9L 28 93.33 Qneas

038 - .
Auazaay 28 93.33 gnsias
291 0 0 Tdgnsias

039 . .
Auazaay 30 100 gnias
191 30 100 Qnseg

040 . .
Auazaey 30 100 gnias
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ABSTRACT

This paper presents a technigue for planar image mosiacing where a series of ordered
and partial overlapping images are combined into one large image in a one-by-one sequence.
Hierarchical chamfer matching algorithm (HCMA) is used in image alignment to find the best
matching position from edge feature in multi-resolution pyramid. Unlike many mosaicing
software packages, this technique needs no human guidance of individual image location.
The intensities or colors at overlapping areas are blended from intensity or color averaging of
the two images. From our experiments, this technique gives good results on both gray-scale
images and color images. However, the performance on images with a lot of edges needs to
be further improved as the computation time is still unacceptably high.

INDEX TERMS: Hierarchical chamfer matching algorithm, image alignment, image
mosaicing, multi-resolution

INTRODUCTION

As the field of view of a picture from a digital camera is much smaller than human
visual field of view, there are needs in creating a panorama view from a sequence of images.
A good combined image is expected to be visually smooth and seamless. The planar image
mosaicing in this paper refers ta a process of combining two or-more planar images into one
larger image.

In general, image mosaicing can be divided into two major procedures that are image
alignment and image blending; and the quality of a combined.image depends highly on image
alignment. Image mosaicing has been first implemented for aerial and satellite images before
the age of digital computer. Image alignment process has to be done manually by
determining ground control points (GCPs) for referencing positions and for combining
smaller images. Automatic alignment without human intervention has been developed later
on. [Milgram 1975, 1977]

In recent years, the interest of image mosaicing has grown in several applications such
as creating a mosaic image from separately scanned pieces [Janssen and Vossepoel 1994],
[Schutte and Vossepoel 1995], [Whichello and Yan 1998]. Schutte and VVossepoel [Schutte
and Vossepoel 1995] have described the use of a flatbed scanner to capture a large utility
map. They have selected corresponding points in different utility map images to find the
displacements required to shift from one map to the next. These control points are found
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from the best matched of edges of both maps. Whichello and Yan [Whichello and Yan 1998]
have described a mosaicing process for binarised document images taken with a digital
camera and a small flatbed scanner. According to Whichello’s and Yan’s method, the best
alignment can been found by using a form of correlation, namely XOR correlation, and an
image pyramid has also been applied to speed up the process. Peleg and Herman [Peleg and
Herman 1997] have described creating panoramic mosaics by manifold projection
constructing from video sequences. The basic idea is the alignment of which contribute to the
mosaic, rather than the alignment of entire overlap between frames. Borgefors [Borgefors
1988] has proposed hierarchical chamfer matching algorithm (HCMA) which is an edge-
matching algorithm. It has been pointed out that this algorithm can be adapted to different
matching tasks and applications such as analysis of image sequences, and identifying and
locating pre-specified objects in digital images, etc.

In this research, HCMA is adopted and applied to planar image mosaicing where a
combined image is constructed from a series of unguided location but ordered and partial
overlapping images. The transformation of image series dealt in this research is limited to
translation only.

HIERARCHICAL CHAMFER MATCHING ALGORITHM [Borgefors 1988]

As mentioned in the previous section, HCMA has been proposed as a parametric edge-
matching algorithm. The best-fit position can be found by minimizing a generalized distance
between the edge points from two different images. The method is speeded up by resolution
pyramid approach. The matching result at lower resolution level guides the areas to be
evaluated in the next higher resolution level, and hence, reducing the size of alignment
position candidates.

The basic concepts of HCMA can be explained as follows:

e Pre-distance and Pre-polygon Images

In the edge-matching HCMA, two binary edge-images are needed. The first one is
converted to a pre-distance edge image and the other, to a pre-polygon image. A pre-distance
image is the result from a process called distance transformation (DT). The distance of any
pixel from its nearest edge pixel is calculated and collected. The DT used in HCMA is the 3-
4 DT. The algorithm starts with setting all edge pixels to zero’s and all non-edge pixels to
infinite. Then, the chamfer 3-4 DT is computed by propagating the local distances, each pixel
obtains a new value at each iteration using the expression:

Vi =Emin@ it 4G

i + 3, v|11+1+4

Ilj

(1
v,11+3v,kjl,,kjil+3 (1)

k
i+1,

-1
v Jl+4v +3v,+1]+1+4)

I+lj

where Vki’j is the value of the pixel in position (i,j) at iteration k.

The iterations continue until no value changes.

The other input image of HCMA is a pre-polygon image that consists of a list of
coordinate pairs of edge pixels. It is noted that, according to Borgefors [Borgefors 1988], the
list is called polygon even though the points may be scattered or representing several polygon
segments.
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e Matching Measure and Optimal Positions

In HCMA, the polygon in pre-polygon image is put on top of the pre-distance image as
shown in figure 1. The matching score is measured by a matching measure. The HCMA
edge matching has chosen root mean square average (r.m.s. average) of the pixel values in the
pre-distance image at the positions where corresponding polygon pixels exist as the edge
distance. Equation 2 illustrates the r.m.s. average score. The perfect match between two
edges is where the edge distance is zero while the best match is where the edge distance is

minimal.
1 /1%,
score == |[— ) Vi
3 /n; : )

where v; is the distance value and n is the number of points in polygon.
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Figure 1. A polygon representing an edge is superimposed on a distance image.
[Borgefors 1988]

e Resolution Pyramid

A resolution pyramid is structured as follows: an original image is at level zero which is
at the bottom of the pyramid, and at each higher level, the image size is scaled down by a
factor of 2 on both height and width. For HCMA, the matching algorithm performs from the
lowest resolution to the highest resolution level (level zero). Thus, a resolution pyramid of
edge images, or an edge pyramid, and a resolution pyramid of distance images, or a distance
pyramid, are created for matching at eachlevel.

For the edge pyramid, the property that goes with the lower resolution level for the pre-
polygon image is the status of whether it is linked to an edge in the higher resolution level.
For the pre-distance image, an edge pyramid-is created in-the same way as that of the pre-
polygon image, and then distance images are calculated afterwards by using the 3-4 DT.

APPLYING HCMA IN PLANAR MOSAICING APPLICATION

Our approach is to apply HCMA to planar mosiacing application for finding the
overlapping portion of two images. The concept of combining a series of images begins with
merging the first two images and then adding all of the consecutive images in a one-by-one
sequence to their previous outputs.

Choosing which image to be a distance or a polygon image is application-oriented.
Since the size of output image of image mosaicing grows continuously and computing a large
pre-distance image consumes much more computational time than creating a pre-polygon of
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the same size, we define the first image as the main referencing image transformed to pre-
polygon and the other one, to pre-distance image. After combining two images, the output
image becomes the main referencing image.

The proposed algorithm for planar mosaicing by HCMA is as shown in Figure 2.

The proposed algorithm is as follows:
1. Resolution pyramid preparation

1.1 At the beginning, the first two images are converted to gray-
scale with YIQ color model, and Sobel edge detection is
performed on both images.

1.2 Pre-polygon of the first, or the main referencing, image and pre-
distance image of the other are created respectively.

1.3 Two resolution pyramids are built for the pre-polygon and the
pre-distance images. The lowest resolution is limited at no
lesser than 16x16.

2. Alignment by HCMA

2.1  Image alignment starts at the lowest resolution level to coarsely
align the two images and reducing evaluation space of the
higher resolution level by rejecting unlikely matched position
candidates. More accurate alignment positions are acquired at
higher resolution levels.

2.2  The pre-polygon image is translated and superimposed over the
pre-distance image from left to right and from top to bottom. At
each translation, matching measure at every overlapping
position is computed.

2.3 Rejection value is calculated based on the maximum score of
each particular pyramid level and a predefined percentage as
shown in equation 3.

rejection value = max— | max * PEreent ;
100 e

where max is the maximum score in each particular level and
percent is a predefined percentage number.

Reject all pixel positions that have scores greater than the
rejection value. (This rejection value is more efficient than an
absolute value because it varies; upon-different images.) The
remaining pixel positions are expanded to 4 positions in the next
higher level and are referred to as the new position candidates.

2.4  Perform steps 2.2-and. 2.3-on higher resolution levels of the
resolution pyramids until level zero is reached. At every next
higher level, only the new position candidates are needed to be
visited and measured.

3. An output image is constructed from the position whose score is
minimal. The colors at overlapping areas are obtained by averaging the
colors with HSV color model.

4. Go to step 1 to combine the next consecutive image. The process
continues until all images are merged.

Figure 2. The proposed algorithm: Planar image mosaicing by HCMA.
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EXPERIMENTAL RESULTS

The proposed algorithm is tested on both gray-scale and color images. Figure 3
illustrates a series of gray-scale simple scene of the nuts and bolt, and the result from image
mosaicing by HCMA.. Figure 4 represents a series of color Thailand Northeast map obtained
by a scanner, as well as the mosaic image result. Position candidates are reduced
approximately 87% for images in figure 3, and 51% for images in figure 4. It is noted that the
percentage of position candidate reduction is calculated by averaging the reduction
percentages of all resolution pyramid levels of all combined images.

DISCUSSION

From our experiments, it can be seen that HCMA applied to planar image mosaicing
can align image series satisfactorily. For the case of gray-scale simple scene image series
such as those in figure 3, edge points, as well as noise, in the pre-polygon images are low, and
hence, HCMA technique can reduce a large number of position candidates (approximately
87%). The whole process of mosacing is therefore fast. The output results appear very
natural.

For the test scanned color image in figure 4, pre-polygon images from Sobel operation
contain a lot of pixel points. This is due to several reasons. A map image naturally contains
many more edges than a simple scene image such as the nuts and bolt image. The nature of
map printing and the image acquisition process, scanning by a scanner, can both cause a lot of
pixel points in the image data. Since there are a lot of existing points in the pre-polygon
image, the calculated matching scores at each transformed position are not much different,
and consequently, only a small number of position candidates are rejected. Although
increasing the percentage value in equation 3 can loose the rejection criterion, and this can
result in speeding up the whole process, it also increases the chance of misalignment. Even
though about 51% position candidates are rejected, there are still a lot of positions to evaluate,
and hence, the whole process is still time-consuming.

From our experiments, it is noticed that the success of this proposed algorithm depends
highly on two major factors. The first one is the edge detection method. If the chosen
algorithm can greatly reduce noise, such as Canny edge detection algorithm, the alignment
algorithm will be more robust. The second factor is that good rejection criteria can cause the
hierarchical technique more efficient and consequently, misalignment decreases.

CONCLUSION

In this paper, we propose a method for planar mosaicing application applied from
hierarchical chamfer matching by Borgefors [Borgefors 1988]. - The inputs of the alignment
process are a sequence of unguided location, ordered and overlapping images. The alignment
algorithm starts at the lowest resolution level to help guiding the alignment process in higher
resolution levels. The rejection criterion used in this method is calculated based on the
particular level’s maximum score and a pre-defined percentage number. The position whose
score is minimal is optimal. After the alignment process, images are combined and blended
by averaging colors at the overlapping area. From our experiments, simple scenes can be
aligned successfully within few seconds. In the case of the complex scenes, the method is
time-consumed because there are a lot of edge points in low-resolution images which results
in a small number of rejected positions. Loosing the rejection criterion can quicken the
process but may remove the best position, and hence misalignment occurs. The algorithm’s
performance depends on two important factors which are the edge detection method and the
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rejection criteria. However, the performance on images with a lot of edges needs to be
improved as the process is still unacceptable time-consumed. Our current research aims to
improve this planar mosaic image method and focuses on color as another image feature to be
used in the method.
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(b)

Figure 3. Gray-scale image sample of nuts and bolt.
(@) Input images and (b) Planar Mosaic Image constructed from (a).
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(b)

Figure 4. Color image sample of Thailand Northeast map.
(a) Input images and (b) Planar mosaic image constructed from (a).
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